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I. REAL PARTY IN INTEREST 
The real party in interest is Matrix Semiconductor, Inc., a Delaware corporation. 
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n. RELATED APPEALS AND INTERFERENCES 

The iindersigned is not aware of other related appeals and interferences. 
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in. STATUS OF CLAIMS 

Claims 3, 5-9, 12-15, 23-26, 28-29, 32-33, 36-38, and 40-42 are pending in the 
application. Claims 1, 2, 4, 10, 11, 16-22^ 27, 30, 31, 34, 35 and 39 have been cancelled. 
Claims 3, 5-8, 23, 25, 28, 29, 32, 33, and 40-42 have been withdrawn from consideration by 
the Examiner over the objections of Appellants. Claims 9, 12-15, 24, 26, and 36-38 have 
been finally rejected and are the subject of this appeal. A listing of the appealed claims is 
presented in the APPENDIX. 
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IV. STATUS OF AMENDMENTS 
No amendments after fmal rejection were filed. 
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V, SUMMARY OF CLAIMED SUBJECT MATTER 

Independent claims 9 and 24 provide that in forming a SONOS (silicon-oxide-nitride- 
oxide-silicon) device 10 (Fig. 1), a channel region is provided and a first oxide layer 25 is 
provided on the channel region by an in-situ steam generation process (pages 7 & 8, 
paragraphs 24-28)» A silicon nitride layer 35 is provided on the first oxide layer 25, and a 
second oxide layer 30 is provided on the silicon nitride layer 35 (page 7, paragraph 24; page 
10, paragraph 32). 

A SONOS device is a field effect transistor that operates as a nonvolatile memory cell 
by storing charge. A conventional SONOS device (Fig. 1) comprises a monocrystalline 
silicon substrate 1 5, a tunneling oxide layer 25 formed on the substrate, a silicon nitride 
charge storage layer 35 formed on the tunneling oxide layer, a blocking oxide layer 30 
formed on the silicon nitride layer, and a gate electrode 40 formed on the blocking oxide. 
The tunneling oxide 25 and blocking oxide 30 are conventionally formed of silicon dioxide; 
and the gate electrode 40 is conventionally polycrystalline silicon, known as polysilicon. The 
silicon-oxide-nitride-oxide-silicon stack of the silicon substrate^ tunneling oxide, nitride, 
blocking oxide and polysilicon gate electrode give the SONOS device its name. 

To program a SONOS memory cell, a charge is applied to the gate electrode. A 
channel region forms in the silicon substrate, and charge carriers, for example electrons, are 
attracted from the silicon substrate toward the gate electrode. (A charge carrier may be either 
an electron or a hole, which is a missing electron. For sunplicity, this discussion will speak 
of migration of electrons.) Electrons tunnel through the tunneling oxide (toward the gate 
electrode) and are trapped in the nitride layer. When charge is removed from the gate 
electrode, electrons remain trapped m the nitride layer. The tunneling oxide prevents the 
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trapped electrons from migrating back to the silicon channel region in the substrate, and the 
blocking oxide prevents electrons from migrating to the polysilicon gate electrode. 

This stored charge changes the threshold voltage for the transistor, which is the 
applied gate voltage at which a transistor turns "on" or begins conducting, and thus can be 
detected. In this way, the SONOS device can store a memory state and behave as a memory 
celK For example, a SONOS memory cell having stored charge can represent a data "1", 
while a memory cell having no stored charge represents a data ''0". The stored charge can be 
repeatedly removed from and returned to the nitride layer of a SONOS memory cell; in this 
way the cell can be erased and reprogrammed. 

A more common type of transistor-based memory cell is a floating gate memory cell. 
In a floating gate memory cell, charge is stored in an electrically isolated, or "floating" 
polysilicon layer sandwiched between a tunneling oxide layer and a blocking oxide layer. 
The distinction between a SONOS memory cetU and a floating gate memory cell is that the 
floating gate memory cell stores charge in a conductive material (a polysilicon floating gate) 
while the SONOS memory cell stores charge in a dielectric material (a silicon nitride layer.) 
The stored electrons are free to migrate within a floating gate, while they remains largely 
stationary within the nitride layer of a SONOS cell This means that a single pinhole defect 
in, for example, the tunneling oxide of a floating gate memory cell can allow all of the stored 
charge in the floating gate to escape; because the charge cannot migrate freely within the 
nitride layer, SONOS cells are less susceptible to loss of stored charge through this 
mechanism. 

The thickness and quality of the tunneling oxide is very important to the performance 
of a SONOS device. This layer must be thin enough to allpw electrons to tunnel across it 
when the cell is being programmed, but must have very few defects to prevent loss of stored 
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charge the rest of the time, when that charge is to be retained. Many methods can be used to 
form the tunneling oxide, including deposition of an oxide or thermal oxidation of the silicon 
substrate. In the present invention, a SONOS memory cell is taught in which the tunneling 
oxide is formed by a process of in situ steam generation^ or ISSG. Through this method a 
very thin, very high-quality oxide layer can be made. 

Independent claims 26 and 36-38 pertain to TFT (thin film transistor) devices, Clauns 
26 and 38 provide that a polysilicon layer 54 is provided, while claims 36 and 37 provide that 
a polysilicon channel region 54 is provided in forming a SONOS (silicon-oxide-nitride- 
oxide-siiicon) device 50 (Figs. 2a and 2b; page 10, paragraphs 33-35). Claims 26 and 36-38 
further provide that a first oxide layer 56 is provided on the polysilicon 54 by an in-situ steam 
generation process (page 1 1, paragraphs 36-38 (which generally refer back to pages 7 & 8, 
paragraphs 24-28)), and that a silicon nitride layer 56 is provided on the first oxide layer 56 
with a second oxide layer 56 provided on the silicon nitride layer 56 (page 10, paragraphs 33- 
38 (including general reference back to paragraph 32), where the single layer/feature 56 
illustrated in Figs 2a and 2b comprises the fu'st oxide 25, silicon nitride 35 and second oxide 
30 layers illustrated in Fig. 1). 

As noted, in a conventional SONOS transistor (as in most semiconductor transistors), 
the channel region is formed in a substrate, which is normally a monocrystalline silicon 
wafer. The wafer is essentially a single crystal of silicon. For most applications, the use of 
monocrystalline silicon is desirable. When a layer of silicon is deposited, it is typically 
polycrystalline, having many crystals and thus having grain boundaries, the boundaries 
between adjacent silicon grains in polycrystalline silicon. Grain boundaries impede current 
flow, making for slower devices. 
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A SONOS device may be formed having its channel region formed in a deposited 
polysilicon layer rather than in a monocrj'stalline silicon wafer substrate. A transistor formed 
having its channel region in a thin film of deposited polysilicon, rather than in a 
monocrystalline wafer substrate, is called a thin film transistor (TFT), A SONOS memory 
cell formed as a TFT will function as a memory cell, but will be a lower-speed, lower- 
performance device than a comparable device formed in monocrystalline silicon^ with larger 
variations in performance between cells in the same memory array. Programming and read 
margins are smaller; thus in a TFT memory array of SONOS devices, use of an ISSG 
tunneling oxide to improve tunneling and charge retention is particularly advantageous. 
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VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 
There are two grounds of rejection to be reviewed in this appeal: 

1) Whether claims 9, 12-15, and 24 are anticipated by Halliyai et al., US 
Patent No. 6,674,138 ("Halliyai et al.", under 35 USC 102(e). 

2) Whether daiins 26 and Sd'-SS are anticipated by Halliyai et al. under 35 
USC 102(e). 



11 



Serial Number 10/079,472 



Vn. ARGUMENT 

A. Claims 9, 12-15, and 24 Are Not Anticipated bv Hallival et ah 

Claim 9 recites a method for making a SONOS device, comprising providing a 
channel region; providing a first oxide layer on the channel region by an in-situ steam 
generation process; providing a silicon nitride layer on the first oxide layer; and providing a 
second oxide layer on the silicon nitride layer, wherein the device is a SONOS device. 

The construction of the cell is very clearly defined in the claim: The first oxide layer 
is formed by ISSG on the channel region, the silicon nitride layer is formed on the first oxide 
layer, and the second oxide layer is formed on the silicon nitride layer. Each layer is formed 
on the one before it, so this is a contiguous stack, with no other layers intervening. 

The Examiner points to the channel region 1 8, oxide layer 28, what he identifies as 
nitride layer 30, and oxide layer 32 of Fig. 1 of Halliyai et ah Layer 18 apparently 
corresponds to the channel region of claim 9, while oxide layer 28 and oxide layer 32 
correspond to the first and second oxide layers of the claim. The disclosure of Halliyai et al., 
however, is clear that layer 30 cannot be characterized as a silicon nitride layer. 

At coL 12, lines 1-33, Halliyai et al. describe various embodiments, including those in 
which layer 30 "comprises both a high-K dielectric material and a stondard-K dielectric 
material" (lines 7-8); in which layer 30 "comprises a composite or a reaction product of two 
or more dielectric materials, at least one of which is a high-K dielectric material" (lines 9-12). 
In another embodiment, "high-K dielectric material completely replaces the nitride layer of a 
conventional ONO structure," (lines 16-17); in another "the high-K dielectric material is, in 
essence, added to or combined with, the nitride layer of a conventional ONO structure" (lines 
17-1 9); in still another, **the layer includes a composite dielectric material which replaces the 
nitride layer of a conventional ONO structure" (lines 19-21). 
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Halliyal et al. explicitly define the term **high-K dielectric material" to mean "a 
dielectric material having a K of about 20 or more" (col. 5, lines 58-590 As silicon nitride 
has a K between 6 and 9 (see col. 5, lines 47-48 and Table 1) it is specifically excluded, and 
is not considered to be a "high-K dielectric material." 

One skilled in the art will expect a layer described as a "silicon nitride layer" to be 
formed of silicon nitride^ perhaps including low levels of typical contaminants that might be 
expected to occur in a normal fabrication environment. One skilled in the art will not expect 
a layer described as a "silicon nitride layer" to include a high-K dielectric component 
sufficient to significantly change its function. In some embodiments of Halliyal et al., layer 
30 includes only high-K dielectric material, and no silicon nitride, while every embodiment of 
Halliyal et al. includes some high-K dielectric layer or component. Simply put, layer 30 of 
Halliyal et al. cannot reasonably be described as a silicon nitride layer. 

In the Response to Arguments (page 5) of the final rejection of April 20, the Examiner 

argues: 

Halliyal attempted to modify the ONO structure by using the high-K 
dielectric material in combination with silicon nitride layer 30 in various 
embodiments as described in column 12 lines 1 5-22. Thus, layer 30 would 
comprise silicon nitride and would read on the claim limiuition. It has been 
held that the use of the tenn 'comprising* leaves a claim open for inclusion 
of material or steps other than recited in the claim 

Appellants understand the Examiner to be saying that because claim 9 recites that the 
cell "comiprises" silicon nitride, other nlaterials may also be included between the Uinneling 
oxide and blocking oxide. 

Appellants, however, must diisagree. Clahn 9 does not recite a SONOS memory cell 
which comprises silicon nitride between the tunneling oxide and the blocking oxide. The 
claim recites a cell comprising a channel region and an oxide-silicon nitride-oxide stack, the 
channel region and stack being contiguous with no intervening elements. The word 
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"comprising" is indeed used in the claim, allowing for other unnamed elements in the 
memory cell (a gate electrode, source and drain regions adjacent to the channel, or wiring 
layers, for example) in addition to this channel region and stack, but not within or between 
them. 

Independent claim 24 has similar language, and distinguishes over Halliyal et al. by 
the same rationale. Accordingly, Appellants respectfully request that the 35 USC 102(e) 
rejections of independent claim 9, its dependents 12-15, and independent claim 24 be 
withdrawn. 

B. Claims 26 and 36-38 Are iNot Anticipated by Halliyal et al. 

Claim 26 recites an integrated circuit containing a SONOS semiconductor device 
made by a method comprising: providing a polysilicon layer; providing a first oxide layer on 
the polysilicon layer by an in-situ steam generation process; providing a silicon nitride layer 
on the first oxide layer; and providing a second oxide layer on the silicon nitride layer 
wherein the device is a SONOS semiconductor device. Claim 38 has similar language, while 
claims 36 and 37 add the limitation that the polysilicon layer is in fact a polysilicon channel 
region. 

To summarize, independent claims 36 and 37 both include the limitation that a 
contiguous oxide-silicon nitride-oxide stack (the first oxide layer formed by ISSG) is fomie4 
on 2i polysilicon channel region, while independent claims 26 and 38 recite that this stack is 
formed on polysilicon or a polysilicon layer. The device is a TFT device. In all of these 
claims, the layers are formed in a SONOS device. 

In rejecting claim 26 (near the bottom of page 3 of the final rejection), the Examiner 

says: 
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HalliyaJ discloses an integrated circuit containing a SONOS semiconductor 
device made by the method comprising: providing polysilicon 16, column 
10, line 3... 

The passage the Examiner cites refers to Fig. 3, in which the substrate, labeled "16 or 
44," referring to either monocrystalline silicon substrate 16 of Fig. 1 or polysilicon floating 
gate 44 of Fig. 2. 

Halliyal et al. teach two separate embodiments, each using the dielectric stack 
including a high-K dielectric material which is not silicon nitride. The first embodiment, 
discussed in Section A, is shown in Fig. 1, and is a SONOS device having its channel region 
formed in a monocrystalline silicon substrate 16. Since the channel region is formed in 
monocrystalline silicon, it is not a TFT device. 

It was described in the summary of the invention that an ahemate type of meropty 
cell, which is not a SONOS memory cellj is a floating gate memory cell. It will be recalled 
that a floating gate memory cell, like a SONOS memory cell, operates by storing charge. In 
contrast to a SONOS memory cell, however, in a floating gate memory cell, charge is stored 
in a polysilicon floating gate rather than in a silicon nitride layer. 

Examples of SONOS and floating gate devices are shown in the Evidence Appendix, 
which includes Exhibits A and B. 

Exhibit A is Bu et al, ''Design Considerations in Scaled SONOS Nonvolatile Memory 

Devices". Fig. 1 of this paper contrasts the conventional floating gate and SONOS structures. 

The first paragraph of the Introduction includes the following sentence: "Two basic types of 

EEPROMs exist, namely, the floating gate device and the floating trap device, i.e. SONOS 

[3-4]." Exhibit B is an excerpt from Volume 28 of Cx-News, a semiconductor technical 

information online publication from Sony Electronics (http://www.sony.net/Products/SC- 

HP/cx_news/vol28/pdf/monos.pdf). In the second paragraph, this article gives an example of 

the teitns "SONOS", "MONOS" and "floating gate" as used in the art: 
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Figure 1 compares the MONOS and floating gate device structures. As can 
be seen in Figure 1, the MONOS name comes directly from the structure of 
the device. (In the US, silicon is used instead of metal, and it is called 
SONGS.) In MONOS, charge is stored In traps in the nitride layer, which is 
an insulator sandwched between oxide layers, and this stored charge is used 
to record data. 

It will be recalled that the layers of a conventional SONOS cell are» from the bottom 
up: a silicon channel region, a tunneling oxide, ei silicon nitride layer to store charge, a 
blocking oxide, and a polysilicon gate electrode. In contrast, the layers of a conventional 
floating gate cell are, from the bottom up: a silicon channel region, a tunneling oxide, a 
polysilicon floating gate to store charge, a blocking oxide, and a polysilicon gate electrode. 

The second embodiment of Halliyal et aK, shown in Fig, 2 of that patent, is a floating 
gate memory cell, not a SONOS memory cell (col. 8, lines 66-67), As described in coL 8, 
line 66 through col 9, line 6, it has the conventional channel region 18 (formed in 
monociystalline silicon substrate 16), tunneling oxide 42, and floating gate 44. The stored 
charge 34 (indicated as "xxx" in Fig. 2) is stored in this floating gate 44 (col, 9, lines 10-12.) 
In a conventional floatmg gate memory cell, the niext layer, above floating gate 44, would be 
a blocking oxide to prevent migration of charge from floating gate 44 to gate electrode 46. 

Instead, Halliyal et al. have replaced the conventional blocking oxide with what they 
refer to as a "modified ONO stack", which consists of bottom oxide layer 28, a layer 30 
including high-K dielectric, and top oxide layer 32. In the SONOS memory cell of Fig. 1, 
layer 28 served as a tunneling dielectric, layer 30 as a charge storage dielectric, and layer 32 
as a blocking dielectric. In Fig. 1, stored charge 34a and 34b, indicated as "xxx" is shovyn 
stored in high-K dielectric layer 30. 

In the embodiment of Fig, 2, however, layers 28, 30, and 32, which are together 
referred to as dielectric stack 26, play a different role. Layer 30 does not store charge - as 
described eariier, charge 34 is shown stored in floating gate 44 - instead, the entire stack 26 
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serves to ''provide effective dielectric separation [insulation] between the control gate 

electrode 46 and the floating gate electrode 44" (col. 9, lines 15-17.) 

Fig. 2 of Halliyal et al., then, shows a floating gate memory cell having a polysilicon 

floating gate 44, on which is formed a dielectric stack including a first oxide layer 28^ a layer 

30 includmg high-K dielectric material, and a second oxide layer 32, In the passage the 

Examiner cites in rejecting claim 26, Halliyal et al. say: 

Referring to FIG. 3, in the second step of the present invention . . , a first 
oxide layer 28 is formed on an upper silicon surface 36 of the semiconductor 
substrate 16. In one embodirrient, the upper silicon surface is the upper 
surface oid^ polysilicon floating gate electrode. In one embodiment, the 
semiconductor substrate 16 is a single crystal silicon substrate. The 
substrate 16 may comprise other elenients of a semiconductor device. 
[Emphasis added.] 

Referring to Fig. 3 of Halliyal et aL, it will be seen that the bbttona layer of the stackjs 
denoted as "16 or 44 " referring to either monocrystalline silicon substrate 16 of Fig. 1 or 
floating gate 44 of Fig. 2, There is no suggestion that the device be formed as a TFT in a 
polycrystalline substrate. There is certainly no disclosure of a SONOS device formed having 
a polysilicon channel. In the only embodiment in which the "modified ONO stack*' of 
Halliyal et al. is formed on polysilicon, the polysilicon is a floating gate, and the device is not 
a SONOS device. 

Claims 26, 36, 37, and 38 thus distinguish over the embodiment of Fig. 2 of Halliyal 
et al. for several reasons. 

Claims 26, 36, 37, and 38 all include the limitation that the device is d SONOS device. 
The device of Fig. 2 of Halliyal et al. is a floating gate device, not a SONQS device. There is 
no disclosure in Halliyal et al of a SONOS device with the claimed oxide-silicon nitride- 
oxide stack formed on polysilicon. 
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Additionally, claims 36 and 37 include the limitation that the first oxide layer is 
formed on a polysilicon channel region, not a polysilicon floating gate as in Fig. 2 of Halliyal 
et al. 

Claims 26, 36, 37, and 38 all recite a contiguous stack of polysilicon, a first oxide 
layer, a silicon nitride layer on the first oxide layer, and a second oxide layer on the silicon 
nitride layer. Claims 36, 37, and 38 in fact specify that the first oxide layer is "in contact 
with" the polysilicon, the silicon nitride layer is "in contact with" the first oxide layer, and the 
second oxide layer is "in contact with** the silicon nitride layer, leaving no ambiguity that a 
contiguous stack is meant. For the reasons described in section A of this Argument, no 
embodiment of Halliyal et al. includes a first oxide layer, a silicon nitride layer, and second 
oxide layer in a contiguous stack. 

Appellants have shown that claims 26 and 36-38 distinguish over Halliyal et al., and 
respectfully request that the 35 USC 102(e) rejections of these claims be withdrawn. 
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CONCLUSION 

Accordingly, Appellants respectfully solicit the Honorable Board of Patent Appeals 
and Interferences to reverse the rejections of the pending claims and pass this application on 
to allowance. 

Respectfully submitted, 



October IS, 2007 /William J. Cooper/ 

Date William J. Cooper Reg. No. 44,629 



William J. Cooper, Esq. 
Eschweiler & Associates, LLC 
National City Bank Building 
629 Euclid Avenue, Suite 1000 
Cleveland OH 441 14-3003 
Phone 216-502-0600 
Fax 216-502-0601 
wcooper@eschweilerlaw.com 



19 



Serial Number 10/079,472 



Vin. CLAIMS APPENDIX 
1-8. (Cancelled ox withdrawn) 

9. A method for making a SONOS device, comprising: 
providing a channel region; 

providing a first oxide layer on the channel region by an in-situ steam 

generation process; 
providing a silicon nitride layer on the first oxide layer; and 
providing a second oxide layer on the silicon nitride layer, wherein the device 

is a SONOS device. 

10-11. (Cancelled) 

12. The method of claim % wherein the in-situ steam generafion process is performed at a 
temperature ranging from about 750 to about 1050 degrees Celsius. 

13. The method of claim 9, wherein the in-situ steam generation process is performed at a 
pressure ranging from about 100 millitorr to about 760 torr. 

14. The method of claim 9, wherem the in-situ steam generation process is performed for a 
time sufficient to deposit an oxide thickness of about 10 to about 200 angstroms. 

15. The method of claim 9, further including annealing the oxide layer in a nitric oxide 
atmosphere. 

16-23. (Cancelled or withdrawn) 

24. A SONOS semiconductor device made by a method comprising: 
providing a channel region; 

providing a first oxide layer on the channel region by an in-situ steam 

generation process; 
providing a silicon nitride layer on the first oxide layer; and 
providing a second oxide layer on the silicon nitride layer wherein the device 

is a SONOS semiconductor device. 



25. (Withdrawn) 
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26. An integrated circuit containing a SONOS semiconductor device made by a method 
comprising: 

providing a polysilicon layer; 

providing a first oxide layer on the polysilicon layer by an in-situ steam 

generation process; 
providing a silicon nitride layer on the first oxide layer; and 
providing a second oxide layer on the silicon nitride layer wherein the device 

is a SONOS semiconductor device. 

27-35. (Cancelled or withdrawn) 

36. A method for making a SONOS device, comprising: 

providing a polysilicon channel region; 

providing a first oxide layer in contact with the polysilicon channel region by 

an in-situ steam generation process; 
providing a silicon nitride layer in contact with the first oxide layer; and 
providing a second oxide layer in contact with the silicon nitride layer. 

37. A SONOS semiconductor device made by a method comprising: 

providing a polysilicon channel region; 

providing a first oxide layer in contact with the polysilicon channel region by 

an in-situ steam generation process; 
providing a silicon nitride layer in contact with the first oxide layer; and 
providing a second oxide layer in contact witii the silicon nitride layer. 

38. An integrated circuit containing a SONOS semiconductor device made by a method 
comprising: 

providing a polysilicon layer; 

providing a first oxide layer in contact with the polysilicon layer by an in-situ 

steam generation process; 
providing a silicon nitride layer in contact with the first oxide layer; and 
providing a second oxide layer in contact with the silicon nitride layer, 

wherein the device is a SONOS semiconductor device. 
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39-42. (Cancelled or withdrawn) 
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IX. EVIDENCE APPENDK 
Exhibits A and B, following this sheet, are included as evidence. 
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Exhibit A 



Best Available Copy 



Desi.^n Consicleriitions in Scafed SONGS 
Nonvolatile Memory Devices 

Jj.-triknng Bu :jnd Mm vjij 11. V/hitc 
SrK:;m.tn r.MriJitlii L.il-^iaiory. Uv\ Mc;im.)n;:l Dr. E., I.chiyh Univcr:;iiy. Bcihlehcin. PA JK()j5 



U'luk siill nsnintainini; lO yenr tirita rctcnrioii 
hine, hns hcvij 4!^v:ly:^ bi^' irhalicniie Ibr i'oly- 
t);sivli:^Ni!rir!c^l)Ai. it!. Silicon (SONuS) rc::c:irch- 
ciiJ. iVt; licjiciinc {Hjr progjc. jn ihc fit:*Ji^^:fi :inJ 
^c;lIi^|f, oi\S()N*,.*,S nonvDl.-iiilc niciviory devices. 
-9V MOV (l!n;Orr?'p;»f^»^^>i>**^ SONOS devices; 
cnswifin: 10 yc.ti:; iclcinion time ;ji1cr lO' 
i-rn:.c;\V!Hc tyJcs :ii ^5^"C hnvc hccn devclopcil 
succc5:irui ly, i.>ci>.'c(nim :i;jncal, iippHci! In 
Sur/OS device i'iihiication i'ur the Hnu n'niL-. 
imi'iruvc!: ihc fnilurnncc chnracrciistic*: better 
\h:\\\ undiliainl hytlnfj:i:n or rbnnini; r;as rtndcnl. 
In this |Ki'>t;r. wi: .Icu-'fihc :;c:»liiit!; ron.-iidc.ratirjns 
nntl pturc-;:; upiirni/jmon :\\o\x)\ w wh c.\j)cnnu:nis 
:im,l c?t:n:u:!i:n:-:;inVtn rusulLs. 

i Aiuj::()i* <.:ON rKN is 

scau:-;!; cuNSirn-i^A iKn-i and pko- 

rnSSOiTlMIXAilDN 
\. MliA^;i?Hi^Mi-.Mr Rf^SUi. i H ANr> IMS»;- 

V iN< "f .l !M« >NS 

c». A^ K N' A% LI'ln I A 

V i<::r iiK I-Ki *hS 
1^. >Ui<Ai'l;il-S 

1. INruOI.M.C'f'ION 

''U:s\ iy:\\n.x:u'ix hijih !;-:»«.:?y rin iiirally vA^h: 

-> :»>.MC tyjn-. i,r f-f-l'K'. .tM-, c.vi.,(, ri.irn-.:lv, ih- 
i;:t;;- Jcv^^ .-i! :l ^djri: -Tip ac\it:€. 

\\\ Aw :r»r. Hi ; inu'{^ ;5<: r» 



pitmr:ijn/i:r:i5u vulinuc^. Tlic i-cintivcly truck (7- 
12 run) \\nv,v:\ o.xiilc in -he nn:iiifu»-r»aic rypc 
rncjnorivS [Hovidc:; gooci iO-ye:ir data fciuniion; 
lur.vcv-r, fhc high voltngc: rctiu ire merit (5) 
CfcalccI n rcjiDhijity i:;:;iie, it hai; cxcccckul the 
vd1i:j^;u itinii5 of scaled CNtOS devices. 
r:)ii:It:cn ic hoi carrier dcgrntbtion. punch-lhroiigh 
;iv;,!;iijcht: cfux^s and iiigh voltage junction 
brcakdo^v^l [6^81 hunt the latent! sea lint; to 
:>cluevc luyh ilunsity. The concern over ihc loss 
CM tlic entire rncmofy chari^c through a single 
iJcfcct in the tvjnnei oxide Wm'm vciiical scaling 
anil lo'.vor |)roj;r iinrning vohaj-jj; (2], which 
iitcreai;cj: nujipurt ciictnlry nrca and reducer, the 
;niay cificicncy. 




.1 riK'inri.'. j^atc iwcnvjiy nnd iloaiiuit trnp 
CK< fNi )Sj With ti-vice Ci.iss-^eciiun, 

The t!;;t:;.irul jnr hnv pinver. low vc>Itni;e 
cjcjiic^nic; has acceU-iated the pace u»r NVSM 
ciri.-uii <U'i:i|;rici,s to consider "^^yOHO^ for low 
Vi^irai^:. hit;h .K::-ity l-KPROM*;:. The inotivn. 
ttt;M un- tht; ,njci;:a jn SC^NilS li-:; ia |o%v 
r>H''!;u:nj:j:it:M voltages, -rHloi.'nce to eAi-iuled 
;:ra;:cAvMtu cy;.Jiug^ :c:;ii.Kince to tadiaiioti, ami 
cn:np:itibd{ty \vx\h hij^h den^^ity scnied CMOS 
terlumlogy, A iV. 1Mb. ndl-fV.iaucd SONUS 
bhPROM ha;: bcva rnanoJac!\ncd u^ing 0,>{ jnn 
CMOS lecimuhn^y iMtji'.v:jra et ri:j>oried a 
0 M inn SONOS .^ini^le tr::n;:i;,ii.t rnernoiy cell 
( with i!fi.,electvd ua»rd line bnis k>v prt.L;^r,j:n. 
.Ii.,!inh i:npftr;;uicrH With ::uh;evjueni ;cnlirtg to 
{} i um :ijul i>e}und | li | 

A radintii^idritiletjcd. SUNf>S hii?is;d .:K gjtt: 
pP'Uiafnm.>hfe «^a'e n:^3S .Fr(iA) Jevic;; 
hi- » v-n i in n < ::::i^r p]c-!t-v;'l :re::d 

v ;i •] fa ^ ...f .y s« ?::ns r^.u: : tots 
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:l\:c:* ^ n N". ; tj;: r:!r:jfik; of 

.ii\:U .j:>:^ '^»f- .^1.;;. • -aiUu: (IJj. 
*:/::: ih;n i\v.::-:l c,;M cuiulucf :\i<^M 

■h:ix\ A 2 ;m\ - live jrjr.in i;c:.: ;*atfj of cileeii fnis iri 
''^ii!;;. '^llu^, we iuv- ihj pon^ibilily of iiun 
iunnol f^sulc SONf ueviuc? (or <iyn^^:iiicAnj:i^i- 

hy Vvann M, i l^-] :u)d V.VMi ii 3I. (15). 

ihc pii^v.i :unui\i\i: wAtM^'-ii of SONGS 
»icv;ccr. *.v'i!h nupit^vai icicrinnu chcir.ictcrLstics 
iniilcr extended ci:i$i:-".vr:ii: c>xlini» :ii elevated 

SONOS device \\v}\ \0'\t::\r daia rt:krntian a/lcr 

1 I V t 13V (I ins) [ Kci.-.jnjja ct al. prwpuSttil 
:i p f Lpit: SONi\S innciuta ( j7| lo improve erase 
5:;^c;ctl r.nd tbt:i ic!ciiti<»n lime, UhscU ci :d. (h^), 
I-rciich nnd Whiic V:»nj; :tnd White (201 

li.tvc jII i!isv:v!*:;>t"d ;j fvi{fMsOM Cv:!! ft r iuuh 

dvMsiiy NVSM. 

ivfc-nily. ^vc have cxplotvnl :lic :;ralini; v^l low 

W'lrrn^c, luiu; r-i-nticti SuNUjj in-rnoiy dcvic^c:;. 

Si >i\OS tic ;*ai>t :t ;U{-!l .tJ Li:ln];h I 'iiivcisitv 

.1,. »w .1 fl >V ,lcl;MiMn ^Mihiow .,t lO-Vi-Mi' rUilti 

•.vjII :!i.-::vMbc scnhnj: jiitl p:pci\;r» •'|>tijni;-::»i itwi ill 

\ h;»r;tcii:n/;tiu»n r;ru «!•,*:.: nUcd jn Sections 

i Hid u- jtvt^ly 

1 . S ( "A I J N < ; ( : ( )NS 1 1 ) I£ R A I' I (, ) N S 
I'KIX 'KSS on IMI/A I l().N->. 

ihi '.\: .:ppt.».i; ni s htiw *u%;j d-.':.cnlH*d in the 
I .I'm L' t!» ith!.i!ji i»:sl.ini*L* bvJv.*Jt!(i I'pccd, 

v'tfiHjr.n .tP.d vriuluiMju r t )ijc appt i-'.jtsi, lA'cri by 

v"V ::t)'l V.':i!:;: f.!l|, j> cnli: the hitndc 
-lul ;-iy;';. f 'lt >.vvr> ilii: !>! 'rkini^ ^^>.hh 

Wu.:k,'-, \\r.t/i\ ' . ■ u,- ;:ici:^^iy wisuiinv 
%vil| dc:-: •*;.;• . .!.• i vi'M k' ):iy;.:t ofhcnvir^*) 
i 'h: iU> ■ I I. tfiti ?u;ppcd 

Ui,. i,- , , ;k 1,^^;;,.,! 

.n<»?;u! ^: p{ • ; '^v Min.itsn and 

.^u:i;r.tk: ;!■-). J ^ vlhii ! d '::!. u,.s .1 ddn 
' KJta: ^ 1- ' ^ {-Ji • t M :hj 

••I • l!:- *h-r 



nppij.idu !avc-;ii:-::icd by Wiiiiajti:: -i d, i23| 
:jnd K;;pt.ivr c: ni, f:!'JJ. -MiplAycd an oxyniiritl-j 
in-rwid ^'f {hr niiridc \hc rncdiuiu, 
hccju:;c djc ^-xynitridi; uhn U?.:^ ,i smaller irnp 
dcm;i{y arul hence a snialicr Cou!ojtii>ic repulsion 
bciwecii the trappetl charges. The mnncl ownh 
can bii ftudicr 5.cnled with or '.vithoiH a blocking 
oxide. In aJdition, '^nd White [25] have 
presented btiricd cl;:jiinel device iniHand of a 
:;turrncc chnisnel device 10 lochicc Inick {unnclin». 

The work presented in this ptipcr is hn.^ted on 
the itrsil npprdiich, namely, inc{HpDratini; ihc 
optiinizaiioM of the tiiiimd nxidc thickjicj;!; f26). 
For X-IOV piograjii/encsc voUni;c:;. a 10 Min 
ciTeciivc i>'iic dieiccnic thicknejJS 15 prefcnctl jo 
ijiKuanlee an electric field I'Vir jnodiiicd Fcw!er> 
Nordhcirn Uinncling (27). A 2.0 nni tunnel oxi<le 
:mm\ diicker blt:^:king oxide (5/3 nni) arc ur.ed for 
i^uud retention anil rchribility consiiienitions. 
Ihc r»cnlin!» of the tiitriiic Ir.ycr is based on the 
con'Jlant nirinci oxide electric field theory, which 
AVe will detail in Scciiou 4 with .1 cornpari:;on at 
diiTcreiM dejiijin nppronichc*;. 

2.2 l*roct*S5 Optimization 

hi oi:r sealing, a inip ticlu rdlicon nitride (with .1 
SiCbH:: NHj rntio of in:]) h nece::nnry. a;: 
::;ilicnn nitride illrns depu-nted u jih hi«;h SiCldl;: 
Nlii it:::; How raiii»r, show hj|;h tra[> tiai;;ities, 
which facilitrite fruit pj ogianwniriL; iipeed (2Kj.' 
Yanc ei al. (29) cijiuhictcd ATM studies on 
silicon rdtride Hlni;;. which wi;ie ilepOi;iled at 
*iineri:ni ten^pernitnc;;. Their r.iudiei; revealed 
O^^OX x\ ihc Opt:ini:ni i;,;njpcr:i}ure lur Li'CVQ 
iiilritic ilrpo:.itit.n fur a rnmimuni finrface 
ronj;hijej;:i wiih in^piovrd rncnioiy retention, 
iNJinami ;;l :d. dejnonstiatcd l.JMJVD fornicil 
blocking oxiile:; impiuvt-d data rctcnlioji 
tirarnnticrdly (I5|. In luMiiion. tunnel OAider. 
L;fOwn nt hij;h icntjxrraiuic, exbdiil tniprnved 
pciUMiiMM\rc :;nd rcliabihiy (30|. >^upeiu>r fctcn^ 
rion and eiuhunnce art: i»btatnetl with \hc u:ic of a 
triple- wall u.xidriiion unnace rather than tfic 
coaventiej::d ssni|Ic w;dl furnace (2^). 

We have peribrmet! !u^:h temperature (7U(/ C 
♦ 1 houi^O di;uu:nnnj cuincal;. u\M^m\ of hydrogen 
ibiniini; f:af: ::nne:di; att^-r the co:nari vvukIo-a'^ 
.ire t»pened. Aisue.d teniptv. ituje:. ^'»>M:parabl-e to 
or lower (han tlie nitnde Jeijijjfitii-n Ieaipc{aU}!e 
proyulc Il.s mi-raiicti u! the itoted charge in the 
iuiride Ai^.i, rh- init-jiacc mi'M j;cnciaiion 
is :e^:u. cti wiuur :\u-iuk.\ pi.»»;r'sni w^clin^; 
.snd reiensh»n ;-^iihdiiv . ! :vai:'\-d 
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2 Pcvicc r.snurimc i»i SONGS nonvclaiilc 
njcniory sraiisuaor wuh immcl fsxidc 2.0 inn, 
niliulc tayirr 4. 5 nni, .iml l>Ii>ciciiu: nxitic 5.5 nin. 

\Vc h:tv- nifMichitri! S< 'fK>S tfcvictri; M'\vc!l 
CWOS uxhiuAojiy ami I iK'QS i;;ul:itian. The 
prikcrssini; ^^cqucnro ir> \:U:iM\c:\\ to convcniion:j| 
(."jVIOM iccimnliMty cxk't-pt un tlic foiinaiion of 
iha ()N(J ili;;};rcnlc .slack. l \ui kny ;?rocc;:r« nicp:; 
;is ImIK.w;: A ji) mi luivA-A oxulc la 

oxy!,:j:r\ {A'lo 0: in Ai) ui .i a:;iUnn'('c:;ignt:d 
tnjilc "A^UI i'.\nlrajun fuin:ux^ :V.|lt.i\vcil by JO min. 
;w^^un ('.niical lu rtjHi:\ c tlu: - ir^r:'* cau:Hu) by 
u:i t'MJa{i(«n. Nc\i, a -1.5 :im silicon 

niCii.ic h .U';urai::ii :{i .i ) i^-Vj) icaciar )Vf 15 
wiiii it t.i%lKr' \v\\\\ yw. il,.\v iaii(> of SKI.H;: 
Nl j, H»() iO ('Uv::n) \ S> n;u I j'CVD 

.lv:ji,:irK-.:tton at HiO C .><t :itin Afu.-r ilic 
'^>^'» iM|ii:: .lu'uvifii uhu i> !»HJ!^rir a liiyxt nf 
j»o I v.;jIk fc-n !j; vi^po,!jvJ niA !i.;icJ tii a i'<)C'It 
priivc.;;. il^-A. the pat!;^tticd and ilic 

I .icu/al ii TtKrC 14 -rMi/d !o lu-.v r the 
inU'i:-n;i' ^taic vfviuiiy I hi; 5; UiUo\veH by :ia 
.diitnii.uia Jvp^on^^ii :'»r niact nu'tnlii^atinii 
'siih a pi^.{-nii:ial'.j5:nr.d m'M \| -00 i' u>r V) 

U) '•J*'^i\N,; r . a ;'a:j.'''r! pu: p** ,;'s. 
':;u r :;:«"ip -f 5 . >::nv.:lo.! -.vjih [iVln 
ti /::; ,pt{ :\,: um: rt^. 2. 



4. MILxSURKMl^Vl^ liKSiJLTS 
AM) DISC nSSMlN 

riiuJ •riuhinincceleciiical ch:u:ictcrijiic> ofscakJ 
SONGS devit:e;;. The thieshi^dd '.'oltniie Mils arc 
measured 1 ailrr an ckisc (wite) piilst; :hrii 
fullu-.v:; ;i ID :? low voll3i:t! ;v?cr pulse of :cvcn:c 
polnriry. All rncastiroiTici:!:^ arc inadt: at 
unless :;pcciricd, compare the cucM ofhijjfi 
tcm|)cra{?jn: dcutcriurji ar)d liVihoi^-jn .'^rujcnls. 

Fig. J tfivTxs ihc -nLsc/wiiie chiiiacicnstics. 
*rhc SGNOS device can be opcraled with n ) inj; 

9VV4iOV pnbc. In tlic MOV \vrjtc or prograiii 
opcraiiot). tlic initial iilcctiic field across the 
tunnel oxide h I 1.8 MV/cm witlj 9.H VlV/cin (or 
the -9V eia3c cpcration. In prcviuut; MON'OS/ 
SONGS ijcalitig scenarios the t:tcciric ficUl 
;;U:roi;s the tunnel oxide or tu'tridc has been 
iTininmined nearly cr.nf.tajii while the triple 
diclccfiic dinu-nsionr. are jxrdcd [3 1-32]. Urdiig 
Ihc t:on::tatii tunnel o\idc electric fiehl theory ur. 
the critcrin, we compared ilevices scaled nlonj; 
dilTercni approaches: iti Fig. -I. For the devici: 
with l.H nin tunnel oxide repoitcd hy Minanii ct 
::d. [\6l the niitial el^rctrie field at 13V 
;'ippro>;i{nate.Iy lOMV/tan, np.raiuiinij .ceto stored 
nitriile cfiarge. 

If* wc ::udo the nitriiic iiurn 1 > nni \o -1.5 inw 
r\t\i\ diicken the tunnel and hlockiny oxides in 
ntniiUaiii the Munc iniiird cicctfit.; j'icfd. then wu 
!uvo n 10 nin effective •;nic (iiclecinc ihickne:;? 
widi a ptL-!);r:unniini: VMlt:n;c vleereas-jd Uy OV. 
f-(owcvt,a\ a /anallur nicniury window anil earlier 
.laturaiion aie nbj:ervetl with our ::ealed nitride 
tbvicG, A thicker tunnel OAidc and bluckiuj^ 
.»X!di; Cojnpcn?;jtt-; Uw the banier hiweriin.^ citecl 
ihu: to iVndon:bic r-pi:!::jun in ihe sraled nitride 
layer (a>;nociaied witli i!e^r:idcd ieicnlis.*a) an,{ 
iHfct:: liiuhh-fidiaMc reiennnn ehar arieriiUic; 
iMcnUj et ah [27] noticed xalitn; ihc hiockinj; 
oxide di'en not nnprove tlu: er:v:c/w!i!- -peed tit 
iht: device. fk\. J illustrate:; the rrieniion nnil 
endurance cha;nvacri;uicr. (»rour desace. 10-year 
(lata rciention witli tl.iV nicnuHy window aucr 
10' uajic/writeeyjk-j ai :r:5*^C i<: cnsuied. 
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^Aiiic I.Siun, niuulc I .>a!nj!kH:k!n[: ovhlc ^nni. 
.>i.:v.?: tiitinc! oviJti ,IOnjn. tniihlj -l.^nin. 
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concciii m NVSM h^:alM^c uf the high 

;>xidc rcL{}on. Tin*; ilctciiDrarion lunmktAs ny.clf 
:i$ :i innldup of "uitcrKicc tiaps". -.vhich src 
• Icuxr cenrorf, al the: Si-SiO.. intcnacu, 

'iljcir InnhlMip. aloiig ^viih tnipn -xi^;l beiv.-ccii 
SiO.-Si:N.j laycT, i^; (iciniiicijial ro both SONDS 
:ind :lo:ilin,i]-«;ak: NVSM opciaiivui bt^cauuc ihtiy 
(1) provide an addii:r,nal ^iiifi in the (fcvfcc 
lhrt:5:hold voli:?gc :nu! (2) tlc|;r:>dc Iot}i:-it:mi 
xctcniinii by fncrcnKing ihc so-cnlfaJ bnck- 
Umnchng ciuicai [33]. Vines ct al. hnvc 
employed hii^h rcnipuraiuic hydror;rn rinne:^l5 lo 
reduce inlcrUict; nap dcm;ijy and improve d:sla 
rcicnrion rime 1 3-1]. 

The ch.'inncl hoi carrier h/lrtinii; .if MOSI'BTi;. 
annenicd in a dcuicriwin ambient instead of ihe 
traditional hydro i;cri or forming gas rirnbient. 
.have inv:rc:«;k:d by an order of jiwgnirvidc (35). In 
an cxicnision of rhc*^c .studies, u'c have exarniiicd 
lirgh tcnipernlurc deutcriuin nrnieals in the 
flibrlcaJion ofSOJ^IOS devices. Fiit. ij couipaier; 
the interface trap den::itici; (l^j of SONOS 
cievice;; anr.e:dcd iix flculcriinn ami hydioi;en 
cnvirornncnis. I hc iiniial l\ ui r.auly the sanu: 
ibr boih device^;, Hinvevcr. under exiciudvc 
cra^:;:.^rr^le cyvlsrsg, nioic inleilhcc crap;; zrc 
cieaial for [iyiiroi;en annvaied devices than whh 
thniiciiiirn anncalc<I device:;, 

Ihe reieniitMi chai'acrcrii::icr. of hydioe.en 
:innealcd SONOS devices ;^r^ :ihown in tii^ 7 
In cunsra-t xiih l-ii^. j}. deuternun armJnIed 
SUNOS devie-n have neaiJy an wkr oi 
inagnirwde lonijer lefention t:::;e aHer 
crnr:eAvriie cycles M S5^C than hy.in-en 
.inneaJed <ievu';:^^ fur ihc .;amc licteciiufi v/indov.-. 
Studie.s liav-j b^cn CMnduci^-ti Ui invL-:;ijL;:j(e lhi^; 
iJiLJiopru interiacial Ijaidenint: efict^r (;;6]. 'i'he::e 
t;ituiies Mhrrie.:? the improved iubusi!5c;.i; oi 
inlerfrtce ;;:a:e$ lo Ji:{s,>v'iatifMi aM.oc:aied widi 
rhe i!iiiei-;nce in v-biadun mode hcquencic;^ of 
ilir:- Sill :nui Si-lj i:unngur:i! iun^i^. The vibiaiion 
Actptencv tif die bcnduit; modu ft>r Si-D bonds h 
tuoiuui -5(^0 cin \ -vljich is v-ry close in ihc 
lre<HJL:ncy ot dm- of die hulk iidici.n ph>,ivm 
inoikx {^Un i m ^) I '^upUnv, uf d]e>e nxde^ cah 
pio\Kk: an encrjjy rtdaxadon ehajine! aiu! niakv 
the di :>ttc:aticn nf .Sid) bom!.; in^ie diiilvuh 
than !he d!;.,*.K.:iij».ti i»f Sj-H mi'L: 
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7 K^:i?nt!oii chanc!;::! i.;iit:*: of n hviiiiriitrii- 

iicut ;! in:n-:ii:iij:;jk-<l SON'* vS in i- ii; S, jcicisiKtn 
ii::ic :i;;;iriy one <ndi:i of in;M'nitiit!c- shoM;*!' fiir 
I he ;..im;; il;:U'v:tii:i\ wi/vinw 

5. rONCIJJSIONS 

:><>Kr^s nt-nvol:;!! 1- n;vnHMV s!;;vircr: trAhibu a 
it'iv .Tii'/r lli' : :;i .c vVjiit: cycles At 

I ii'iiivi !»i}!i .t!in:::iHnj; oiler?: [ni;iri»vc(l cntluiancc 
ra : annctb. 1 Iil':;;: S( ;Ni )S devices arc 

(V A(*KNcm'Li:iK.\\iKiVrs 

*' I*! /: i:a i'i:/. ' : i ♦? i' h.: i n-y 
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i:ni:tnu'c:ini: Dejit. :jl 
Lcl\ii:h iinivcjsiiy in the 
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□ High rclinbilily 

- Chn/rje ?:onfjo in a niuirio 
;iini - 

□ Narrow distribution of 
threshold voltages 
obviates the need for 
a **verify'' operation to 
match distribution 
widths narrowly 

- MaKcr» circuit design easic' - 

B Simple device struc- 
ture makes chips 
easier to manufacture 

- Expociod !o be usabio ihiouQli 
iho 0. 1 urn Qenerntion - 

^ Low-cost embeddeii 
nonvolatile memory 
technology 

vpcjuillonz acnj{;vcd by \Uo ij;:;^: 
of \'ui\ cnriiur inj^^f.Uon- 



«tM«lt>:.t';n:conihu Jor) 15 imX .i ivjw nun- 

;cr-^ivcJ much aticntiori unni rt-ccjiffy. 
The rion.iini; t;aic t.cc hut 'Itn: y hns 

t!;c;twry ti:chni»ldi;y, inmaly chit": to ;hc 
MONOS ikU'A rctcMiic^n c h:j j:ic re r 
hi^ini; infcnui. Mf»vvcvcr. MONfiS' irpn- 

jii fij^Ke K ihc MONOS nruiu: c<j;ni:r. 
tiiscidy fr-'un the lUmciiirc oMhc. Ucvicc^ 
(In5?u: US. - Jlicf »fi i?; vjiict J in:.lt:rtJ i?f int*;;;!. 
nnd it is c il led .SONQ.S*.) In M0N05, 
if. siurcil in iraf).s rii tUc nliri,!:; 
l.iyirr. which is an insnlntor ,s:nu!\vit:!K:il 
hKiwtvn 4»Ai«It: layer:;, .'itul :his .♦Uiinrd 
fhnrp :5 t;;:c£l ?o :t:c;,}rt.l Ja.::i. U\ ilui ('5, 

cr.itl ;?5ai •A'.jjuici iin Umi; pcacnhi Ixnu'c:;;! 
fh?: p!niici!L Si} is 'Avii Mt »N( )S, 
>shii h if; ;lvn:;:!i{ !o !;4vc |>oor J.Ka u;:cn 
:i* clwurAv:::;: u*::. tr, u:;<:tJ iu -lie !nr',:j 

Iff i M-iMrsiilly i>t >]"ihaiii;'J hy ii!|:h-r:i'. ;;:y 
p:u rH:!t:r-7 i'lu: !«M:.*jn lics 5:1 tj:c ; :rj!i ivitr 
avaI *^.'iri:u\r,i\ vri\u:ip\'jy, • •! :hi: K*^ 'S 



KcCiMiHy, :hc jiJc.i of /.rorin*; 2 ou'^ rn ,1 
!tinj;Ur im;]nr>ry iinnsisinrrd! hy ur^ui*: ili': 
fcaaircs rjisivinieil wjiJi 5f.:»iiw: ch.-jrut; khi 
in the rn>u!:iiJOn layer ni fijt: MON(*):,' 

|>oi;sil:i!c for ONOK lo he the hi«;hL::ir 
dcnraly rjoMvnh»n!c rncinory (cchnohuiy. 
:\tH,\ ha:: :ir:uilu'ij in incrcasini* if\tej in 
ihir. teGhnolo:j;y. AmMlicr \s jhnr ihc 
h'niiis of the tli»:iiinp. *j:iit: noa v*>laiilc 
mcjiu>ry technology :11c now ia sxyju, anti 
MONOS ir. srrn n.s hnvinf; tha pD:cn;i:i} 
10 he tho nuAl |;(;ncration jumvolatih: 
nuTinory tcchnolciKy. Sony's ii;i.-c:ifcht:f, 
ah catty SCO liow MONOS 1:1/1 l>c aJ.ipitrJ 
for nsc !hr(ni!;h (he 0,1 |i;n rcntruc 't:Mr 
gL-n::i;H)<jn. Ru ihcrannc. y,ony ir, jkiw 
vicvtvlojjiii;; MC)NO:; ^r. a key :ri hni>lrn:y 
(i}V }Mo:!ui t vltrrui cminiifjM la Suny**: 
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M0N03 Device Structure pauI 
_ Operntinq Prmciples 

\% ^hi>\v:t \n nf;trir I., tfu; M()Nf?S 

nr^Jc n;ul 2:hc. W}^i1- the niiriJo flh;] 
ivi Ihc c;'nler Afihc ONO rihn Iriyci^ i:: 

i< -vUIl'iI m !h:»c Inycr and u cm cnpnuc: uiui 
:.:<>; u rhjn:e. I'liis hivt-r c:i:i he nm\c io 
?:incnf)n a ciiai£:u ^irniin: fsiL^^nis Uy 
i-A'tcauii: anil rL'ji-ciinj: chaj^c fVom lhu%'?<: 

r:icJt: ^iir. fA-< » icrhnifinL-j: for injrruin: '^V.d 
ir\cvl\i\ii ch.'iif.c. One ir. ;i wn'tc anJ 
ir^'-rJuHl in whiiJt t'lircirrtfji; arc injwicd r.j 
with uiniu:! cijucnl lochnkjiu: 

. !-*^t:r»i!L: :\r* :^:tyxt^ in ;if:i:ie n. Hi!: uiht i 

.{.!lii:vc': .i :;u:!iht.'r nf u i it;7t i 

. \ v{.'^; .'Aid :is::v.tv}\ •lir.h u'H.ibihiv in ri.ii- 
::u :hc <H>t canter .-MtrsJirMl rjllcAp in'.vn 

: - J an J .!i:»UL:M':: !ii:;]if;f .jy-riLs TuArj. 



rtrduvi^i! ;ria;)i:f.iciis;iii;; ctt.iis, anil -s 
cffccnv:; IVir Mit^^-Huii^ pi •H::rMnit;iJii: 
(OTP) :if!-,l nuilt'i -inni: ;>:o;:r:j:nintni: 
^MTD projiucis Kcccnily. u\c uIca nf 

piincsplc pipp.>:.i:«j. 'I hc^r: arc cnilcJ 
N'ROM lIc vices. 

High Rolmbinty ^ 

N ! C.) O ' mail} n ;J v n : u :» 1 it—, in i J 
siahilify anJ iJur:i{ii lii y , As ,->hown in 
niturc *i. (hcia i:; :i)n\<>:A Utile cr;nq:i: k-'ik- 
nt:c in MONOS Jcvicci; even irihcrc in:-. 
Jirfcctri in (fit: ::.urt.:!nvtly ihin cuidt: film 
lH.'{'A't*cn tlji! Miiritlc Iriycr that jttoit:-; ihc 
arul ihc ?;iih:.{rak:. This if. hi:cnu»;c 
Ciia.'i'.c i« Mnvii jn :ki inr u luting; fihn hiyci. 
!fi cnrtiKiM. ill iJic Ho-iiini: 'jiUc lyps 
licvur. .ill Morev! ^Iv.ii j;c 1;; !• if .i ilciV; ( 

ai tjvt'ri f ine ltv;:ii»nn, Dii.; 
:hi; shiphuililinif; u^;hii(<jiM: in which I;)!)'.;: 
;}iui;ln;is ol- ra/hiifd chnnibi'i.. :ua ;t;;cd. 
Jf il;:ri;ci iji optrnc^l iti £!u; a:c:i ihaJ 

r- ilor.i.'cd 15 liiMJU't] iv» c fvi:rjr»rj 
K. rvrn if :i fk-ff i j is err:! i»::fA vt'u U:c 
.uhMi.ii:: ^ful (hi? Ijiyci iU:ij> ;!i:M 



.har^c Jorcd in rh;: iniuki^Enj; Hrnj u» 
csr.npi; ihnMri:ii that ikfcct. In ^*<KUra.(. 
t:nnv-n:iona| iloaiini,: :;a!;; r^hip^ nit:-. »cf;> 
'.vDuid il<>xl a;uh;iijk nn.'fjciii.iicly tf !.;vfn 
onu iicfcci appt;ar-il. I'hl*; is hecaunt: ;hr 
fruiiiiiii: jpju, which siorcs Ihc c!\.i{i:;^:, 
itr.cJf :i cofuhiaor, Thir, MONOS iluMhif- 
iiy is Ihc irxnon MON(,)S is tir.rj in .Mtk-i 
space, ^.vh.cfc ^!(;vii:i:fi aic cnniJiarisly bi-ui- 
banhriJ by hi^;h-c»eij:y panicles. 
MONOS hns nnnihcr ih.!v;mu:j}:'/ I'hiw 
nilvijniayc is ihrii it Icakr.. !t can;ioi hi: 
ticnia! ih:il thir. h thcica.^un that Mt ^NCs 
i:; not \^'itl<:Jy micJ. Ih>wcvi:r, n.s ovn ;.(i:dv 
(tl {he MONOS rarucmrc ha/; pr(t<;;i:sM*fJ. 
and wchavc hat! niDic c:x{H:ne:u:t: 
MONOK. hnvu cutnt; to fca/i/r'nu- 
fchowin!!. 'I"h::i5: is lu* :iainpIc-io~:;niiip|,» 
vniiauon in lUc :i/jit.iint of h:a>:.if.tj in 
MONHS .levin-:;. That i::. ai! !»^^.:.; 
fticviic'i) Irak '.vafLT at iltc najiu". ml;' V\i\?: 
:ncan^; that ii i:; jx-;:.]hl- ^i^ pitrJict wjjcn 
{<»;:t;i o/t'thc ho2i in r-afcty i-:. lits -.j 
hoiitii arc atriiirjlly riiuch i.jicr ihah h,ut:: 
that appt;ar f.olul Imt iu:\y aci inWy 
rnpttjrt; atul sink atajiy liir.c. 



.1 I 



a injure; 2 MOf JOO V/iaic- Craso OperriSiy n*. Ur/nuj f tl 
Ttinn-I Ctirrerj InjecJioti rr-cfuiiqijc C&ncc?.)!;.'al 
Overview 



r aat (V| ,rO) ttajJi fticcior/ 



■ I. IV, ... 1--, 
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flarrow Threshold Voilngo 
Oisii'ibution Obvidios lha Ik^d for 

'.''^wy hiis ::{K rn the IcnJ iw :l*,!r. iMV^i l>y 
r-rcarin*; \ hc i MImi MONDS icj:a tncniniv 

nnnounccil ni rhc 2001 liiDM i:<'nur- 
c-ici: ) ri!;t;H: (y ::lnnv*; she riccfU'iritt'sJ it-M 
KT.siNr. for iho.wiiijcn !^uc^!loh! v;»|i;ii;u 
1 3 1 r. I M b u I i t ' 1 1 r iM c t : 1 1 n 1 1 c h n rn c i e r i r. { i c r. , 

:\% ::hou*ij tn f:ihlc 1. (lit* wsflih *>r \hc 

i':/ vtci*. :in«l :hu< is yt^rcrm:!)' ucll 




a Ryuro 5 X Mbi! UOfJOS rer»t Chip 



:i:;>i;:i{t'tl svnic .^ihi cvcK*:: i'i5:ur-; 

/(.i) ';h(>*.v;- ih;inj;c in ihc '-vi.l'h i>r{hi: 

::jn nc;', V):: u jilili {•[ i liMJ ihujion ^io:!^ 

'A'uh rcpc:j:cU 'A-nic :uk1 'j-ia:;!: i:yi:lc:>. she 
iii:iif ihutirm rcniijiris n;iir<>w. r^icc luuuc 
Ji.j TIu.s us UMO r>i MONOS' faiiKnai chaj- 
rjCiCiisnrs, i': ;ij.ii::iiric:iMt :ul v an i:i «;:,'; 
H'ljcii flcsiitnins; inciiH'i y circuit?:. li\ iht; 

IhfcshoM v*!|i:ii,vtr di::ti :I.)n{Mm imnn be 
narrirA'ctl '.ynli .in vtpera!i*"in calleil 
"verify" iliMiii'.,: •vritc :i:i.J Lrrar.c. 'Hun ir. it 
ifilslculc r.iictiil I 'J -j: .nil >n ;iik{ t {.•nipiic:i-:c,': 
i:irct:ji Vlu: MONON :,rrnctujc; 

may In* ;ih)o ?«• <'riv{:j(c ll it; Jii.-;;U fi«r !hi;; 




■ rujiire r. .1 Mhil MOf^OS Test C/iip Momory 
HcJcniion Chntncl'jrislicr* 



DevicG vWth a Simple Easo !o 
Fnbricate Structuro 

Another- j,:ni f icaiu :t:anirc .^f ;it'' 
S\Oi U:n: .-.{rucauc :s i he ^iritj^hVify 
. ?n!t:UJic. Figura 0 5i»Ow5 ihc cif,»i:s :;cc 
UiMi <jf ;i MONOS device JJnngcil wilh .i 
!in.'i:iniis5iou electron n\iciorK:oni: (*j BM) 
Ai arM locjk, ii .ippeais be i^U'iuicrsI to 
nil ofxfinnry M05 tr:»isi;;jnr, Sony alitraJy 
:.trc5 ihc way lo use Ibis siructurc in 0 ^ 
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